Following the financial crisis of 2007 and the sovereign debt crisis in 2010 that affected the soundness and reduced the strength of public finance in European countries, there has been a growing interest in developing methodologies to the help assess and signal the vulnerability of fiscal policy. Therefore, the aim of this study is to develop a new framework (V-L-D) to assess fiscal vulnerability. V-L-D represents a new methodology on the measurement of fiscal vulnerability that relies on the assumption that vulnerability can occur even during calm times. In comparison with previous methodologies that studied fiscal vulnerability around crisis and fiscal distress times, our framework investigates fiscal vulnerability near fiscal adjustments episodes. Our methodology relies on two distinct indicators: one showing the vulnerabilities indicated by the level of the cyclically adjusted budget balance and distance-to-stability, and one showing the vulnerabilities pointed out through the changes of the cyclically adjusted budget balance and public debt. V-L-D is able to classify fiscal vulnerability into five distinct categories having scores from 0 (no fiscal vulnerability) to 4 (extreme fiscal vulnerability). Using annual data ranging over 1990-2013 for 28 European Union countries, we evidenced 310 episodes of fiscal vulnerability, out of which 128 episodes of low vulnerability, 94 of moderate, 62 of strong, and 26 of extreme fiscal vulnerability. We also found that over 2004-2013, Greece, Portugal, Romania, United Kingdom, Ireland, Spain, and Slovenia were the most fiscally vulnerable countries in the Union. United Kingdom and Greece went through the longest episodes of fiscal vulnerability, counting 12 and 11 consecutive years, respectively. We tested our framework's effectiveness against the Excessive Deficit Procedure. We found that the overall performance is good: V-L-D assessed moderate fiscal vulnerability during the procedure, strong fiscal vulnerability in the first year when procedure was initiated, and extreme vulnerability one year before the initiation.
Introduction
In recent decades, countries worldwide have faced various and growing challenges. Since the Great Depression in [1929] [1930] [1931] [1932] [1933] , the role of the government in the economy has been strongly revisited. The liberal paradigm, which advocated the minimalist government's interference, shifted to the welfare state paradigm. Increasing peoples' needs for education, healthcare, social security, and protection against poverty and inequality, and the call for better access to these goods, led to a more prominent role of national governments toward respecting the fiscal rules. EU countries that do not follow the recommendations can be fined, and fiscal supervision is now performed at a consolidated level.
The package of six legislative measures on economic governance (Six-Pack) [16] was designed to strengthen the provisions of the amended Stability and Growth Pact [14] by introducing a more effective fine mechanism and, more importantly, a consolidated macroeconomic surveillance. Now, the sanctions are applied through the decision of the European Commission unless they are overruled by a qualified majority of member states votes. In addition, the macroeconomic imbalances procedure is established, defining also the significant deviation from the medium term objective, for which member states should submit a credible plan to correct. Thus, both the corrective arm and the preventive arm of the Stability and Growth Pact were strengthened.
The Treaty on Stability, Coordination, and Governance in the Economic and Monetary Union [14] set explicit limits for the medium term objectives of signatory countries, with a lower allowed limit for the budgetary balance of −1% of GDP, only for member states with a public debt significantly below the 60% of GDP threshold. Moreover, the so called automatic correction mechanisms were introduced, by which a country confronted with a significant deviation from the medium term objective must take corrective actions in a timely manner. The rules had to be enshrined in the national legislation, preferably at the constitutional level, with their observance monitored by national independent fiscal institutions.
Finally, the package of two regulations on economic governance was introduced in 2013 [18] only for euro area countries and envisaged a strengthening of the surveillance mechanism, as countries are obliged to send the initial budgetary plans and the plans for correcting excessive budgetary deficits to the European Commission for scrutiny regarding compliance with the EU fiscal framework discussed above. Thus, the emphasis is put on early detection of fiscal vulnerabilities rather than on ex-post correction of a budgetary imbalance.
The recent reform of the EU fiscal framework over the period 1997-2013 has been designed to limit the vulnerability of public finances to economic shocks and to strengthen the commitment of national governments to fiscal rules and fiscal discipline. The financial and debt crisis clearly showed the vulnerabilities of the public finances in many EU countries and the spillovers that they can generate especially in a monetary union. In theory, the new regulations should diminish the vulnerability of the public finances, but there is no guarantee that they will be effective given also the past track record of EU fiscal rules. Moreover, for non-euro area countries, like the Eastern European countries, the rules are not as tight as for euro-area countries and potentially lead to a more vulnerable fiscal position.
Along with the changes of the supranational and/or national fiscal frameworks, the analytical work, which has been conducted since 2009 by the International Monetary Fund (IMF) and the European Commission (EC), reinforced the importance of assessing fiscal vulnerability and to warn early on the potential fiscal distress. In this light, the aim of this paper is to develop a new framework to assess the fiscal vulnerability of one country. Compared with previous methodologies that studied fiscal vulnerability around crisis and fiscal distress times, our framework investigates fiscal vulnerability near fiscal adjustments episodes. Therefore, our contribution to the literature is that we provide a distinct approach on the measurement of fiscal vulnerability that relies on the assumption that vulnerability can occur even during calm times. The rest of the paper is structured as follows. Section 2 presents the related literature. Section 3 defines the concept of fiscal vulnerability and describes our original framework. Section 4 shows, on one hand, the results of fiscal vulnerability assessment using the proposed methodology and its possible extensions, and, on the other hand, it includes the verification of methodology's effectiveness. Section 5 draws the main concluding remarks of our study. We also note that the processing of some data is shown in tables placed in Supplementary Materials, which will be recalled at the appropriate time in the text. 
Related Literature
The review of the relevant literature in this field revealed a number of studies, which provided various frameworks to assess fiscal vulnerability. Hemming and Petrie [19] brought an important contribution in this sense, as they pioneered the existing body of research at that time by formulating one explicit definition of fiscal vulnerability. They also discussed the main sources of fiscal vulnerability, and presented a comprehensive list of variables, which could be considered in further evaluation techniques. However, they did not provide any methodological aspects of the assessment.
Rial and Vicente [20] employed a sensitivity analysis in order to study the vulnerability of public debt in the case of Uruguay. The investigation conducted by the two authors is consistent with their own definition of fiscal vulnerability as representing any violation in liquidity and/or solvency requirements due to changes in macroeconomic conditions. The methodology employed is appropriate for an economy like Uruguay, which was confronted with high volatility in its macroeconomic conditions. They began the analysis starting from a baseline scenario and defined additional scenarios assuming that the debt determinants (GDP growth rate, interest and exchange rate) vary by one and two standard deviations.
The macroeconomic developments since 2008, which culminated with the sovereign debt crisis in the EU, have increased the interest in the study of fiscal vulnerability. Thus, the literature has grown over the last years. In this sense, Ghezzi, Keller, and Wynne [21] developed an index of fiscal vulnerability, which incorporates debt tolerance considerations by looking at five components of vulnerability: solvency (basic debt dynamics, i.e., whether the debt ratio is stable or increasing); fiscal financing needs and debt composition; external financing dependence; financial sector health; and institutional strength. The idea is that a judgment as to whether the debt dynamics point to a possible default depends in part on the other factors.
Baldacci, McHugh, and Petrova [22] contributed to the development of a fiscal monitoring framework by employing a fiscal vulnerability index, which measures the fiscal vulnerability on a continuous basis as departure from historical norms defined as 10-year country averages and a fiscal stress index to assess the country's susceptibility to extreme tail events. The fiscal vulnerability index was constructed using basic fiscal variables and variables indicating long term fiscal trends and assets and liabilities management. Each variable is standardized using the 10-year average and the standard deviation for each group of countries (advanced and emerging economies) and then transformed into cumulative normal distribution. The fiscal stress index was computed firstly by defining a fiscal crisis, secondly by assessing the signaling power of each indicator using the standard approach applied in the early warning systems, and finally by calculating the number of indicators exceeding the thresholds. The shortcomings of this methodology are noticed by the authors themselves and concern, on one hand, the meaning of the historical norms and deviations from them in the case of the vulnerability index and, on the other hand, the specific definition of crisis events in the case of the stress index. Later on, Baldacci, Petrova, Belhocine, Dobrescu, and Maazrani [23] conducted a more detailed and extensive investigation on fiscal stress using the same methodology as in a previous study. The contribution of the latest paper is that they built the methodology on the basis of a broader definition of fiscal crisis, which also included the public debt default, as well as the near default events.
BlackRock Investment Institute [24] introduced the BlackRock Sovereign Risk Index for assessing the credit risk of sovereign debt issuers. They used several variables organized into four categories: fiscal space (debt level and structure, demography, default history, etc.); external finance position; financial sector health; and willingness to pay (political and institutional factors). The index was computed using the z-score methodology and weighted. This index proved to be highly correlated with five-year credit default swap (CDS) spreads.
Hayes [25] developed the Barclays Capital Fiscal Vulnerability Index, which was computed using 16 indicators of fiscal vulnerability across 57 countries. To assess fiscal vulnerability, a measure of financial market concerns about a country's debt sustainability was chosen, namely the cost of insuring against a government defaulting on its bonds, as measured by CDS rates. A higher CDS rate indicates that investors attach a higher likelihood to a government default, and they took this to indicate a heightened probability of a financial crisis. The choice of vulnerability indicators and the weights given to them in the overall index are determined by their ability to account for cross-country variation in CDS rates. The indicators are grouped under five broad headings: solvency, government financing needs, external financing dependence, financial sector health, and institutional strength, and the composite index is reported as a z-score for each country. In Hayes's view, the z-score is a measure of how far one country's vulnerability is from the cross-country average, and it represents a rather relative measure of vulnerability than an absolute measure. A positive z-score indicates that the country's fiscal resilience is above average, while a negative score indicates below average resilience.
Schaechter [26] developed a more complex toolkit for assessing fiscal vulnerability and risks. They introduced six tools organized by their time horizon: indicators measuring short time pressures included gross financing needs, market-based measures of sovereign risk default (credit default swap and relative asset swap) and a measure of potential spillovers (distress dependence among sovereigns); and indicators assessing medium to long run vulnerabilities comprising a measure of fiscal effort required to stabilize debt (the size of fiscal consolidation required), a measure of assessing the adverse impact of growth and interest shocks and debt trajectory, and a measure of the debt outlook reflecting risks associated with baseline debt projections. For each tool, distinct estimation techniques were employed.
Berti, Salto, and Lequien [27] presented an early warning index of fiscal stress named 'S0', which relies on a non-parametric signals approach. They followed the existing definition of fiscal stress in order to study the key variables' behavior ahead of these episodes. They chose a signaling window and making use of the optimization criterion, they determined the thresholds for fiscal risk for each variable and for the composite indicator. Compared with previous studies using similar methodologies, their original contribution is represented by the introduction of competitiveness-financial variables.
Describing the New Methodological Framework (V-L-D) to Assess Fiscal Vulnerability
Detecting fiscal vulnerability is rather difficult. The existing literature has provided several frameworks in this sense. The renewed focus of the IMF and the EC has increased the interest in finding new ways of signaling the vulnerability of fiscal policy. In many of the previous studies, we found comprehensive and sophisticated techniques. The contribution of this study is to provide a new framework to assess vulnerability based on a new approach. Much of the relevant work in this field has focused on measuring or signaling fiscal vulnerability around episodes of fiscal crises defined, for example, as situations when public debt was defaulted or restructured, when the governments benefited from an IMF supported program exceeding 100% of a country's quota, when the inflation rate was excessively high, or when the sovereign bond yields were exceptionally high (Baldacci, McHugh, and Petrova [22] ; Baldacci, Petrova, Belhocine, Dobrescu, and Maazrani [23] ; Berti, Salto, and Lequien [27] ). The aim of this research is to develop a new methodology that is capable of measuring the vulnerabilities in fiscal policy that do not necessarily imply an immediate fiscal stress or crisis. The following parable can illustrate this approach: imagine an individual who is running blood tests on annual basis in order to check the state of his health. The results can indicate a high level of sugar blood. He has not been diagnosed as diabetic yet, he has not collapsed yet, he has not confronted any extreme state of health yet. However, the blood tests point towards a vulnerability. The physician will recommend some treatment and will keep the patient under supervision in order to avoid any further complications. The patient takes the treatment and one year later, he can find that the level of sugar blood decreased significantly and that the vulnerability (threat) passed.
One important step in building such a kind of methodology is to understand the concept of fiscal vulnerability. We reviewed much of the relevant literature on this topic-Furman and Stiglitz [28] [25] ; Leiner-Killinger [37] ; Jedrzejowicz and Kozinski [38] ; and Missale [39] -and found the following points. Fiscal vulnerability can be determined, on one hand, by inherent factors such as the poor size and composition of government revenues and expenditures; poor structure of the public debt; and weak fiscal institutions, budgeting processes, government assets and liabilities management, and so on, which can induce a kind of intrinsic vulnerability in fiscal policy. If these weaknesses are 'nurtured' by the governments over the years, for electoral or political purposes, then the intrinsic vulnerabilities could self-fulfill into a fiscal crisis. On the other hand, there are exogenous factors such as poor economic conditions, financial sector spillovers, demographic, political or environmental changes, and so on, which are not specific to fiscal policy, but could generate exogenous vulnerabilities affecting the size and/or the dynamics of fiscal variables (e.g., the latest financial crisis of 2007-2008 required substantial government aid from the state budget, which led to a significant growth of public debt, exposing fiscal policy to a higher degree of vulnerability).
Analyzing the sources of fiscal vulnerability described by the existing literature-Hemming and Petrie [19] , Cottarelli [40] , Greene [36] -we concluded that their effects are eventually revealed by the size and/or by the changes of the budget balance and/or of the public debt. Thus, we can define fiscal vulnerability as 'any kind of intrinsic weakness in the existing fiscal policy or exogenous shocks that lead to a significant deterioration in the level and/or dynamics of budget balance and/or public debt that will limit the government's ability to achieve its goals'.
The newly developed framework to assess fiscal vulnerability proposed in this study is consistent with this definition. We built an indicator (V it ) that comprises two sub-indicators: one measuring the vulnerabilities revealed by the level of two fiscal variables (L it ) and one quantifying the vulnerabilities showed by their changes over two consecutive years (D it ). L and D receive scores depending on the size of these indicators compared to certain thresholds. We sum up the scores and the result represents the final measure of fiscal vulnerability (see equation below):
where i is the country assessed and t is time.
In order to compute the indicator of level (L it ), we use the cyclically adjusted balance (CAB) and the distance-to-stability (D-S). We use the overall budget balance as a leading variable because it includes the interest payments on public debt from previous years and it captures the influence of past deficits on the current fiscal policy. Even if governments make efforts in achieving primary surplus, if the interest payments are sizeable, they will turn the surplus into an overall deficit. Ultimately, governments have to borrow money or adjust the fiscal policy. We decided to use the cyclically adjusted balance because variations in the budget balance can give a misleading picture of the fiscal stance and because an improvement of fiscal balance during the upswings can mask a deterioration in the underlying position of the public finances; Bouthevillain and Quinet [41] . The distance-to-stability indicates the likelihood of current public debt to deviate from its steady state. Consequently, it could exhibit an unstable trajectory on medium term and/or in the long run if governments do not achieve primary surplus or do not consolidate fiscal policy. We compute D-S using the public debt dynamic model, which is detailed in Appendix ??. We can state that fiscal policy is vulnerable when the size of the cyclically adjusted balance is larger than a specific threshold and/or when D-S shows that the current primary balance is lower than the required primary balance for stabilizing the public debt.
The calculation of the indicator of dynamic (D it ) is based on the changes of the cyclically adjusted balance (∆CAB) and of the public debt (∆Debt) for two consecutive years. We decided to take into consideration a period of two consecutive years because we wanted to capture those deteriorations of fiscal variables that led to the decision to pursue the fiscal adjustment. In order to control for the situations when increasing public debt and/or overall deficit can contribute to economic growth, we chose to focus on the changes of the cyclically adjusted balance and of the public debt, both expressed as gross domestic product (GDP) ratios. Raising ratios suggests that CAB and/or Debt Sustainability 2018, 10, 2482 7 of 20 increase faster than GDP. We assess fiscal policy as being vulnerable when the cumulated changes of cyclically adjusted balance and/or the public debt are larger than a specific threshold.
In order to establish a relevant threshold for both the size of CAB and the changes of CAB and Debt, we analyze the data around fiscal adjustments episodes. We examine the level and the changes of the cyclically adjusted budget balance and of public debt-to-GDP ratios in the year before the fiscal adjustment episode. This approach makes an important distinction between our original methodology and what has been provided by previous studies. We follow Alesina and Ardagna [42] to define the fiscal adjustment as a period of few consecutive years characterized by small improvements in the cyclically adjusted primary balance, which includes at least one year when the improvement was at least 1.5 per cent of GDP or a period of few consecutive years when the average improvement in the cyclically adjusted primary balance is at least 1 per cent of GDP per year.
Using annual data over the period 1990-2013 extracted from AMECO [43] (Our research developed over January 2014-June 2015; we decided to keep the original dataset available as of June 2015 to establish the threshold for the key fiscal variables.) for 28 EU countries, we evidenced 64 episodes of fiscal adjustments (see Table S1 ). We studied the values for CAB, ∆CAB, and ∆Debt one year before the fiscal adjustment and calculated the median (We decided to use the median in order to eliminate the influence of large values recorded for some countries, mostly because of specific circumstances. Ireland, for example, registered a 47 p.p. deterioration in the public debt-to-GDP ratio in 2010 compared with 2008, and a 20 p.p. deterioration of the CAB compared with the previous year and clearly represents an outlier.) in order to find the thresholds. The following thresholds were established: (i) a deficit of 4.7 p.p. of GDP for the CAB; (ii) a deterioration of the CAB by 2.3 p.p. of GDP for two consecutive years; and (iii) an increase of the Debt by 6.1 p.p. of GDP for two consecutive years. In order to assess fiscal vulnerability, we looked for values larger than the median. We also checked the thresholds to see if they are relevant for countries in the Union. In this sense, we calculated the medians of CAB, ∆CAB, and ∆Debt for each country and we made comparisons with the thresholds that we found. adjustment episode. This approach makes an important distinction between our original methodology and what has been provided by previous studies. We follow Alesina and Ardagna [42] to define the fiscal adjustment as a period of few consecutive years characterized by small improvements in the cyclically adjusted primary balance, which includes at least one year when the improvement was at least 1.5 per cent of GDP or a period of few consecutive years when the average improvement in the cyclically adjusted primary balance is at least 1 per cent of GDP per year. Using annual data over the period 1990-2013 extracted from AMECO [43] (Our research developed over January 2014-June 2015; we decided to keep the original dataset available as of June 2015 to establish the threshold for the key fiscal variables.) for 28 EU countries, we evidenced 64 episodes of fiscal adjustments (see Table S1 ). We studied the values for CAB, ΔCAB, and ΔDebt one year before the fiscal adjustment and calculated the median (We decided to use the median in order to eliminate the influence of large values recorded for some countries, mostly because of specific circumstances. Ireland, for example, registered a 47 p.p. deterioration in the public debt-to-GDP ratio in 2010 compared with 2008, and a 20 p.p. deterioration of the CAB compared with the previous year and clearly represents an outlier.) in order to find the thresholds. The following thresholds were established: (i) a deficit of 4.7 p.p. of GDP for the CAB; (ii) a deterioration of the CAB by 2.3 p.p. of GDP for two consecutive years; and (iii) an increase of the Debt by 6.1 p.p. of GDP for two consecutive years. In order to assess fiscal vulnerability, we looked for values larger than the median. We also checked the thresholds to see if they are relevant for countries in the Union. In this sense, we calculated the medians of CAB, ΔCAB, and ΔDebt for each country and we made comparisons with the thresholds that we found. Figure 1 plots the results in this sense. Analyzing the results, we found out that only Greece (CAB), Croatia (CAB and ΔDebt), and Hungary (CAB) lie outside the thresholds. However, we do not consider these cases as problems umpiring the methodology because of the following reasons. Croatia reported only three observations; for 2011, 2012, and 2013. In the case of Greece, the country specific median for CAB indicates a deficit larger than the threshold by 1.4 p.p. However, a threshold for the cyclically adjusted balance of −4.7% of GDP would be more prudential for Greece. We keep the same argumentation for Hungary's case, for which we found a country specific median for CAB of −5.3% of GDP.
The indicator of level (Lit) assessing the vulnerability of one country (i) at time t showed by the size of the cyclically adjusted balance and by the distance-to-stability takes the following values: Lit = 2, if CABit ≤ −4.7 percent of GDP, and
The indicator of changes (Dit) evaluating the vulnerability of one country (i) at time y revealed by the changes in CAB and in the public debt-to-GDP ratios for two consecutive years (k) takes the following values:
, and ∑ ΔDebtki < 6.1 p.p., Analyzing the results, we found out that only Greece (CAB), Croatia (CAB and ∆Debt), and Hungary (CAB) lie outside the thresholds. However, we do not consider these cases as problems umpiring the methodology because of the following reasons. Croatia reported only three observations; for 2011, 2012, and 2013. In the case of Greece, the country specific median for CAB indicates a deficit larger than the threshold by 1.4 p.p. However, a threshold for the cyclically adjusted balance of −4.7% of GDP would be more prudential for Greece. We keep the same argumentation for Hungary's case, for which we found a country specific median for CAB of −5.3% of GDP.
The indicator of level (L it ) assessing the vulnerability of one country (i) at time t showed by the size of the cyclically adjusted balance and by the distance-to-stability takes the following values: The indicator of changes (D it ) evaluating the vulnerability of one country (i) at time y revealed by the changes in CAB and in the public debt-to-GDP ratios for two consecutive years (k) takes the following values:
Finally, using V-L-D framework, five categories of fiscal vulnerability (V ii ) can be established for one country (i) at time t as in (4): For instance, when V-L-D indicates extreme fiscal vulnerability, it implies that both the level and changes of the leading indicators show vulnerabilities in fiscal policy. The cyclically adjusted budget has a deficit of at least 4.7 percent of GDP, the distance-to-stability indicates a departure of the public debt dynamics from its stable path, and the changes of the cyclically adjusted budget and of the public debt reveal a significant increase in the last two years. When V it is zero, the situation corresponds with the state of non-vulnerability. When V it takes 3, 2, or 1, both and/or only one of the indicators (L it or D it ) show vulnerabilities in fiscal policy. The results and further indicators that can be developed with the use of V-L-D in order to assess fiscal vulnerability over a time frame are discussed in the section below.
The Usefulness and the Effectiveness of the New Methodological Framework (V-L-D)
In this part of the paper, we aim, on one hand, to present the usefulness of the proposed methodology and its further extensions (Section 4.1), and, on the other hand, we want to test the quality of our methodology in order to check its reliability (Section 4.2). First, we show how the newly proposed methodology can be used in order to evaluate fiscal vulnerability for EU member states (Section 4.1.1). Then, we show various extensions that can be used to further assess the vulnerability of one country's fiscal policy (Section 4.1.2). In the end, we test the quality of the proposed methodology by checking its robustness against the excessive deficit procedure.
Results and Further Extensions of the Proposed Methodology (V-L-D)

Fiscal Vulnerability Assessment Using V-L-D
We employed the V-L-D framework to assess fiscal vulnerability for 28 EU countries using data ranging from 1990 to 2013. Over this period, the total number of observations was 516. V-L-D evidenced 310 episodes (years) of fiscal vulnerability, out of which 26 episodes of extreme vulnerability, 62 episodes of strong vulnerability, 94 episodes of moderate vulnerability, and 128 episodes of low vulnerability were observed (see Table S2 ). For the rest of 206 observations, V-L-D detected no fiscal vulnerability.
Examining the total value of fiscal vulnerability over time, we can observe that in the years following the financial crisis in 2007, the EU had to tackle the largest magnitude of fiscal vulnerability (see Figure 2) .
If we study the magnitude of fiscal vulnerability in relation with the main regulations introduced by the European Commission (the Treaty of Maastricht-1993; SGP-1997; Six-Pack-2011; Fiscal compact and Two-Pack-2013), which were designed to maintain the soundness and strength of Sustainability 2018, 10, 2482 9 of 20 public finances in the Union, we can observe that the constraints imposed during the 1990s did not prevent the fiscal crisis of 2009. The enforcement of the Six-Pack in 2011, and of the subsequent laws, which amended the original SGP, reduced the degree of fiscal vulnerability, but it has not reached the level registered before the crisis yet.
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episodes (years) of fiscal vulnerability, out of which 26 episodes of extreme vulnerability, 62 episodes of strong vulnerability, 94 episodes of moderate vulnerability, and 128 episodes of low vulnerability were observed (see Table S2 ). For the rest of 206 observations, V-L-D detected no fiscal vulnerability.
Examining the total value of fiscal vulnerability over time, we can observe that in the years following the financial crisis in 2007, the EU had to tackle the largest magnitude of fiscal vulnerability (see Figure 2) . If we focus on the period of economic and debt crisis in the EU (2009-2012) (for Croatia, we had date available starting in 2011; for 2007-2010, we made no calculations for Croatia), we can observe how the degree of fiscal vulnerability increased over time, and which were the most affected countries in the Union (see Figure 3) . If we focus on the period of economic and debt crisis in the EU (2009-2012) (for Croatia, we had date available starting in 2011; for 2007-2010, we made no calculations for Croatia), we can observe how the degree of fiscal vulnerability increased over time, and which were the most affected countries in the Union (see Figure 3) . In 2007, at the beginning of the crisis, the V-L-D framework indicated that Romania had the most vulnerable fiscal policy in the EU, with a score of 3, which corresponds to strong fiscal vulnerability. Although Romania joined the EU in 2007, by the end of that year, the country reached a cyclically adjusted deficit of 4.98 percent of GDP and an overall budget deficit close to 3 percent of GDP. Romania's public debt-to-GDP ratio was 12 percent of GDP, much lower than the 60% ceiling. In 2007, at the beginning of the crisis, the V-L-D framework indicated that Romania had the most vulnerable fiscal policy in the EU, with a score of 3, which corresponds to strong fiscal vulnerability. Although Romania joined the EU in 2007, by the end of that year, the country reached a cyclically adjusted deficit of 4.98 percent of GDP and an overall budget deficit close to 3 percent of GDP. Romania's public debt-to-GDP ratio was 12 percent of GDP, much lower than the 60% ceiling. However, the distance-to-stability indicated a primary balance of 0.74 percent of GDP larger than the current one to keep the public debt on a stable path. The effective primary deficit was 2.20 percent of GDP. The effect was that two years later, in 2009, Romania doubled its public debt-to-GDP ratio. The changes in the cyclically adjusted balance in two consecutive years also showed a gradually increase in the deficit. Hungary and Greece scored 2, which corresponds to a state of moderate fiscal vulnerability. In the case of Hungary, the vulnerability was detected by L. The cyclically adjusted balanced reached a deficit of 6.63 percent of GDP, while the overall deficit was 5.12 percent of GDP. The distance-to-stability also showed a gap of 1.61 percent of GDP between the required primary balance and the current one. In 2007, Hungary had already exceeded the 60% debt ratio and public debt continued to increase in the subsequent years. Greece's moderate vulnerability was detected by the level and the changes in the cyclically adjusted balance. The adjusted deficit touched 8.01 percent of GDP after gradually increase in the previous years. Even if Greece recorded at that time a public debt-to-GDP ratio exceeding 100 percent of GDP, the distance-to-stability indicated that the current primary balance was larger than the required one. This result confirmed Greece's efforts to stabilize or to reduce the debt ratio. Ireland, Latvia, the Netherlands, and the United Kingdom were countries that scored 1, corresponding to a state of low fiscal vulnerability. For the rest of the countries, V-L-D indicated no fiscal vulnerability.
In 2008, the degree of fiscal vulnerability increased throughout the Union. Romania kept its score of 3 as in the previous year. The vulnerability was reflected in the size and in the changes in the cyclically adjusted budget and in distance-to-stability, showing once again an unstable path of public debt. Hungary maintained its moderate fiscal vulnerability. Greece increased its vulnerability from moderate to strong as a result of an unstable dynamic of the debt ratio. The United Kingdom changed its fiscal vulnerability condition from low to strong, evidenced by large cyclically adjusted deficit and unstable dynamics of public debt. Ireland and Latvia experienced a strong downturn of their fiscal vulnerability, which deteriorated from low to extreme. Spain, Lithuania, and Malta's fiscal policies were affected by the crisis and their condition worsened from no vulnerability to strong vulnerability. Poland and Estonia's fiscal vulnerability turned to moderate, while Czech Republic, France, Italy, Luxembourg, the Netherlands, Portugal, Slovakia, and Slovenia still had a low fiscal vulnerability. For Belgium, Bulgaria, Denmark, Germany, Cyprus, Austria, Finland, and Sweden, the V-L-D did not detect any fiscal policy vulnerability.
The peak of fiscal vulnerability in the European Union was reached in 2009: seven countries (Ireland, Greece, Spain, Lithuania, Portugal, Romania, and the United Kingdom) were in a state of extreme fiscal vulnerability; nine states (Belgium, the Czech Republic, France, Cyprus, Latvia, Poland, Slovakia, Slovenia, and Finland) were assessed as facing strong fiscal vulnerability; eight economies (Bulgaria, Denmark, Germany, Italy, Luxembourg, Hungary, the Netherlands, and Austria) were assessed as having a moderate fiscal vulnerability; and three countries (Estonia, Malta, and Sweden) had low fiscal vulnerability. More than half of the EU countries were assessed as being strong or extremely vulnerable.
In 2010, fiscal vulnerability in EU slightly decreased. There were six countries for which V-L-D measured extreme fiscal vulnerability; fiscal vulnerability declined in the cases of Cyprus, Poland, and Slovakia, while Ireland, Portugal, and the United Kingdom maintained their vulnerability state as in previous year. Fiscal policy in eight states was strongly vulnerable. For Denmark and Germany, the score increased from 2 (moderate vulnerability) to 3 (strong vulnerability); for Greece, Spain, and Romania the score declined from 4 (extreme fiscal vulnerability) to 3 (strong fiscal vulnerability); while France, Slovenia, and Finland maintained their previous condition of strong fiscal vulnerability. Six countries maintained their fiscal condition or improved it to moderate vulnerability (the Czech Republic, Italy, Latvia, Lithuania, Hungary, and Austria). Many of the countries improved their fiscal conditions: Belgium, Bulgaria, and the Netherlands upgraded to low fiscal vulnerability, while Estonia, Luxembourg, Malta, and Sweden advanced to non-vulnerable fiscal policies.
In 2011, the number of countries with non-vulnerable fiscal policy or moderate fiscal vulnerability increased to thirteen. We did not measure any extreme fiscal vulnerability for any country in the Union. There were still eight countries with strong fiscal vulnerability, but even so, most of them maintained their previous conditions or progressed like Cyprus and the United Kingdom. The rest of the countries were assessed as having moderate fiscal vulnerability.
In 2012, there were only three countries that were assessed as strongly vulnerable: Ireland, Spain, and Cyprus. For the rest of the EU countries, V-L-D measured non-vulnerability to moderate fiscal vulnerability. Greece significantly decreased its cyclically adjusted deficit.
Extensions of the V-L-D Methodology
Starting from the proposed methodology, we can develop various extensions that help us evaluate fiscal vulnerability from multiple perspectives. Thus, we can assess the total fiscal vulnerability throughout the analyzed period, the average fiscal vulnerability adjusted for the number of years when fiscal policy had a certain degree of vulnerability, the length of fiscal vulnerability episodes, and 10-year fiscal vulnerability in order to make more relevant comparisons across countries over the same period of time.
Total Fiscal Vulnerability Score
In order to measure fiscal vulnerability of one country (i) for a certain period, we can calculate the total fiscal vulnerability score (TFVS i ) as in Equation (5) below:
where i is the assessed country, n is the number of years (episodes) of fiscal vulnerability, and V it is the score for fiscal vulnerability for country i at time t. Table S3 reports the results for TFVS for the 28 EU countries over 1990-2013. We can use the quartiles of TFVS to rank the countries and to determine which were the least and most vulnerable countries in EU over 1990-2013. The quartiles are: Q TFVS1 = 15.57; Q TFVS2 = 21; Q TFVS3 = 25.25. Based on these values, we can assess countries as being: Figure 4 plots the distribution of the countries according to their corresponding quartile. We use the colors system in order to mark the countries in correspondence with their fiscal vulnerability. The green indicates the countries that were the least vulnerable, the yellow illustrates moderately vulnerable countries, the orange represents strongly vulnerable countries, and the red shows the most vulnerable countries in the EU.
The Czech Republic, Greece, France, Italy, Malta, Portugal, and the United Kingdom were countries that recorded the largest scores and were placed in the upper quartile. This group represents the most vulnerable countries over the period under examination. On the opposite side, Belgium, Bulgaria, Croatia, Denmark, Estonia, Luxembourg, and Sweden lie in the lower quartile, representing the least vulnerable countries in the Union. Austria, Cyprus, Latvia, Lithuania, Spain, and Romania are situated in the second quartile and they were assessed as moderately vulnerable, while Germany, Ireland, Hungary, the Netherlands, Poland, Slovakia, Slovenia, and Finland were strongly vulnerable.
The most vulnerable, if TFVSi > QTFVS3 Figure 4 plots the distribution of the countries according to their corresponding quartile. We use the colors system in order to mark the countries in correspondence with their fiscal vulnerability. The green indicates the countries that were the least vulnerable, the yellow illustrates moderately vulnerable countries, the orange represents strongly vulnerable countries, and the red shows the most vulnerable countries in the EU. Figure 5 illustrates the relationship between the TFVS i , on vertical axis, and the number of years (episodes) of fiscal vulnerability (n i ), on horizontal axis (see Table S3 ). The colored lines represent the quartiles reported above. We keep the same colors system code as previously mentioned. The Czech Republic, Greece, France, Italy, Malta, Portugal, and the United Kingdom were countries that recorded the largest scores and were placed in the upper quartile. This group represents the most vulnerable countries over the period under examination. On the opposite side, Belgium, Bulgaria, Croatia, Denmark, Estonia, Luxembourg, and Sweden lie in the lower quartile, representing the least vulnerable countries in the Union. Austria, Cyprus, Latvia, Lithuania, Spain, and Romania are situated in the second quartile and they were assessed as moderately vulnerable, while Germany, Ireland, Hungary, the Netherlands, Poland, Slovakia, Slovenia, and Finland were strongly vulnerable. Figure 5 illustrates the relationship between the TFVSi, on vertical axis, and the number of years (episodes) of fiscal vulnerability (ni), on horizontal axis (see Table S3 ). The colored lines represent the quartiles reported above. We keep the same colors system code as previously mentioned. We can observe that the least vulnerable countries also experienced a reduced number of fiscal vulnerability episodes. The most vulnerable countries went through a larger number of fiscal vulnerability episodes.
The Weighted Average Fiscal Vulnerability
Another way to evaluate fiscal vulnerability of one country (i) over a certain period is to calculate the weighted average fiscal vulnerability (WAFVi). Equation (7) describes its calculation:
where wit are the weights for a country (i) representing the number of years (t) characterized by a certain amount of fiscal vulnerability (from 0 to 4) in the total number of fiscal vulnerability episodes We can observe that the least vulnerable countries also experienced a reduced number of fiscal vulnerability episodes. The most vulnerable countries went through a larger number of fiscal vulnerability episodes. The Weighted Average Fiscal Vulnerability Another way to evaluate fiscal vulnerability of one country (i) over a certain period is to calculate the weighted average fiscal vulnerability (WAFV i ). Equation (7) describes its calculation:
where w it are the weights for a country (i) representing the number of years (t) characterized by a certain amount of fiscal vulnerability (from 0 to 4) in the total number of fiscal vulnerability episodes (n); V it is fiscal vulnerability of one country (i) at time t, as described in Equation (4). In order to decide which country is the most vulnerable, we can rank the countries depending on WAFV quartiles: Q WAFV1 = 1.6; Q WAFV2 = 1.9; Q WAFV3 = 2.3. Then, we can assess a country as being:
(8) Figure 6 depicts the weighted average fiscal vulnerability across the countries in the EU. We can observe that over the period 1990-2103, Spain, Ireland, Cyprus, Romania, and Slovakia were the most vulnerable countries, while Germany, Denmark, Poland, Austria, Belgium, Estonia, Luxembourg, Bulgaria, and Sweden were the least vulnerable countries in the EU. The remaining 50% of the EU countries were assessed as being moderately or strongly vulnerable as they were placed in the second and the third quartiles.
The Length of Fiscal Vulnerability Episodes
We can also study the longest episode of fiscal vulnerability (Ti) for each EU country (i). In this sense, we count the number of consecutive years in which fiscal policy was vulnerable, irrespective of its degree. Then, we can establish the corresponding TFVS and WAFV. Table S4 summarizes the results in this sense.
We can note that the United Kingdom and Greece had the longest episodes of vulnerability, which totaled 12 and, respectively, 11 consecutive years. The episodes spanned over 2002-2013 for the United Kingdom and over 2003-2013 for Greece. The shortest fiscal vulnerability episode was reported for Sweden and lasted just one year. We must note that Sweden totaled five distinct episodes of one year. Poland and Portugal also experienced two distinct episodes of vulnerability of six years each.
We calculate the quartiles for the episodes' lengths and for the corresponding TFVS and WAFV. We can observe that over the period 1990-2103, Spain, Ireland, Cyprus, Romania, and Slovakia were the most vulnerable countries, while Germany, Denmark, Poland, Austria, Belgium, Estonia, Luxembourg, Bulgaria, and Sweden were the least vulnerable countries in the EU. The remaining 50% of the EU countries were assessed as being moderately or strongly vulnerable as they were placed in the second and the third quartiles.
We can also study the longest episode of fiscal vulnerability (T i ) for each EU country (i). In this sense, we count the number of consecutive years in which fiscal policy was vulnerable, irrespective of its degree. Then, we can establish the corresponding TFVS and WAFV. Table S4 summarizes the results in this sense.
We calculate the quartiles for the episodes' lengths and for the corresponding TFVS and WAFV. Table S6 reports the results. Examining the quartiles, we found the shortest episodes of fiscal vulnerability in the cases of Belgium, Bulgaria, Luxembourg, and Sweden. The episodes lasted between one and five consecutive years and they were combined with the lowest TFVS and WAFV. Finland went through a six-year episode of fiscal vulnerability of a moderate size. Italy faced a seven-year episode of strong fiscal vulnerability. Malta is one of the countries that was subject to one of the longest episodes of fiscal vulnerability and of the highest TFVS and WAFV. The rest of countries were placed in different corresponding quartiles. For instance, Cyprus was situated in the lower quartile from the length perspective, but TFVS and WAFV place the country in the upper quartile. These results might suggest that the country confronted high fiscal vulnerability over a short period. Germany had a seven-year episode in the third quartile of length, which corresponds to the second TFVS quartile and to the first WAFV quartile. This might indicate that although Germany experienced a larger number of years in which fiscal policy was vulnerable, the fiscal vulnerability varied from low to moderate. We also observed for many advanced economies, such as Germany, France, Italy, Austria, and Finland, the longest fiscal vulnerability episodes took place in the 1990s, much earlier than the recent economic crisis. During the economic crisis, these countries did not experience extreme fiscal vulnerability, only a strong one. These findings suggest that the advanced economies had developed proper fiscal tools that made them much more resilient during a crisis than the rest of the EU countries, and especially than the emerging ones.
The 10-Year Fiscal Vulnerability Score Taking into consideration that over 1990-2013, the number of observations was not similar for all analyzed countries and that it could influence the results, we decided to narrow our dataset to a sample of ten years over [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . For this time range, we have 10 observations for all EU countries, excepting Croatia. Table S6 reports the results for TFVS, the total number of years (episodes) of fiscal vulnerability (N), and for WAFV over 10 years. We calculate the corresponding quartiles (q i ) for each indicator. Using the quartiles, we give scores from 1 to 4 as in the equation below: results might suggest that the country confronted high fiscal vulnerability over a short period. Germany had a seven-year episode in the third quartile of length, which corresponds to the second TFVS quartile and to the first WAFV quartile. This might indicate that although Germany experienced a larger number of years in which fiscal policy was vulnerable, the fiscal vulnerability varied from low to moderate. We also observed for many advanced economies, such as Germany, France, Italy, Austria, and Finland, the longest fiscal vulnerability episodes took place in the 1990s, much earlier than the recent economic crisis. During the economic crisis, these countries did not experience extreme fiscal vulnerability, only a strong one. These findings suggest that the advanced economies had developed proper fiscal tools that made them much more resilient during a crisis than the rest of the EU countries, and especially than the emerging ones.
The 10-Year Fiscal Vulnerability Score Taking into consideration that over 1990-2013, the number of observations was not similar for all analyzed countries and that it could influence the results, we decided to narrow our dataset to a sample of ten years over [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . For this time range, we have 10 observations for all EU countries, excepting Croatia
The least vulnerable, if We sum up the scores and we calculate the 10-year fiscal vulnerability score (FVS 10 ). We rank the countries depending on their FVS 10 as being:
The least vulnerable, if 
4, if TFVS or N or WAFV > q3
We sum up the scores and we calculate the 10-year fiscal vulnerability score (FVS10). We rank the countries depending on their FVS10 as being:
The least vulnerable, if FVS10 ≤ Q1, We can observe that over 2004-2013, the most vulnerable countries were Greece, Portugal, Romania, United Kingdom, Ireland, Spain, and Slovenia, which belong to the upper quartile of FVS 10 . Belgium, Bulgaria, Denmark, Germany, Malta, Austria, Estonia, Luxembourg, and Sweden were the least vulnerable countries in the Union. The rest of countries were being assessed as moderately or strongly vulnerable. We believe that the countries placed in the upper quartile of the FVS 10 are countries that have faced several intrinsic or extrinsic fiscal vulnerabilities that which made them more vulnerable and less resilient to a fiscal shock. For instance, Romania was one of the fastest growing economies among the former communist countries. Its consumption-based growth mainly stimulated the imports, while the domestic supply stayed behind. Although Romania has a population of 19 million inhabitants, being one of the largest countries in the Union, its total receipts from taxes and social contributions averaged only 28% of GDP that places the country on last place in the EU. Greece, Portugal, Ireland, and Spain were known for their growing debt and economic vulnerability in the early 1990s, which made them unable to refinance their government debt or to bail-out the banking system during the economic crisis.
The Effectiveness of the Proposed Methodology (V-L-D)
In order to investigate, verify, and validate the quality of our methodology, we can use the Excessive Deficit Procedure (EDP) as a benchmark to test against. EDP underpins the corrective arm of the EU's SGP, which lays down how countries should take corrective actions in the event that their public debt or budget deficit is considered excessive as defined by the two public finances related convergence criteria. If the norms are not met, the EDP is launched. Countries under the procedure are given a deadline of three to six months (depending of the seriousness of vulnerability) to comply with the recommendations that provide them with a solid path for addressing their excessive deficit. After the deadline has passed, countries' fiscal conditions are reassessed and a decision is made to either put the procedure on hold or step it up if the member states have not taken the effective actions. Taking into consideration the way the procedure has been built, it has operated and it has been implemented, we assume that the fiscal policy of a country under EDP is vulnerable, otherwise the procedure would not had been initiated. Therefore, EDP represents a benchmark against which we can examine V-L-D effectiveness in assessing fiscal vulnerability. We use the EC's reports in order to establish the countries and the periods when EDP was introduced. We examine 25 EU countries (we dropped Croatia, which entered under the EDP in 2013, Estonia and Sweden, which were not under EDP during the examined period) over a period ranging from 2002 to 2013. We found a total of 174 observations when EDP was instituted. Table S7 reports the data in this sense.
In order to examine the effectiveness of our methodology, we follow Kaminsky, Lizondo, and Reinhart' s [44] approach, and we test V-L-D's performance in terms of the following matrix, presented in Table 1 . . The 'noisiness' ratio can be used to decide if the methodology performs well or not. If the ratio is larger than 1, this suggests that the methodology introduces excessive noise and its effectiveness is reduced.
At first, we test the V-L-D performance against the EDP irrespective of the degree of fiscal vulnerability measured by our methodology. Table S8 summarizes the results in this sense. We can see that the number of observations when V-L-D performed well was 138, which represents 71 percent of total number of fiscal vulnerability episodes indicated by the EDP (174). The number of observations when V-L-D measured no fiscal vulnerability is 60, representing 61 percent of the total number of observations when fiscal policy was not vulnerable, as shown by the non-initiation of an EDP (98). The number of observations when V-L-D provided false assessments (B and C) is smaller than the number of observations when the methodology assessed well. The ratio of 'good' assessments is 79 percent compared with 39 percent for the ratio of 'bad' assessments. The 'noisiness' ratio is 0.49 smaller than unity. Based on these results, we can state that V-L-D performs well when it assesses fiscal vulnerability for EU countries, regardless of the size of fiscal vulnerability.
Further, we want to examine how V-L-D performs when taking into account the size of fiscal vulnerability. We apply the same methodology for each category of fiscal vulnerability. Table S8 shows the results. We can observe that when V-L-D evaluated fiscal vulnerability as moderate or extreme, the degree of noisiness was lower than in the cases when V-L-D assessed fiscal vulnerability as low or strong.
Then, we test V-L-D's effectiveness in the first year during which EDP was initiated. We have 41 observations for 25 EU countries in EDP. Table S9 reports the results. The overall methodology's performance is good, considering that the 'noisiness' ratio was below unity. When V-L-D assessed fiscal vulnerability as extreme or strong, the 'noisiness' ratio was the lowest.
Finally, we examine our methodology's performance one year before the EDP begins. We have 33 observations and Table S10 summarizes the results. The overall methodology's effectiveness is good and when V-L-D evaluated fiscal vulnerability as strong or low, the degree of 'noisiness' was the lowest.
Concluding Remarks
Alongside with the increased interest in the last decade in assessing fiscal vulnerability, this paper brings its contribution by proposing a new framework, namely V-L-D, to measure fiscal vulnerability. V-L-D comprises only two indicators: one indicator of level measuring vulnerability captured through the size of the cyclically adjusted balance and through distance-to-stability; one indicator of dynamic quantifying the vulnerability denoted by the changes in the cyclically adjusted balance and in the public debt-to-GDP ratios over two consecutive years. In order to establish relevant thresholds for our fiscal variables, we analyzed their size and changes around episodes of fiscal adjustments over a time frame ranging from 1990 to 2013. In the end, our methodology is able to assess and classify fiscal vulnerability into five categories from non-vulnerability to extreme fiscal vulnerability.
V-L-D is a deterministic technique, and with its help, one can assess fiscal vulnerability at the end of the budgetary year. If forecasted data on fiscal variables employed in our methodology is available, one can estimate the degree of fiscal vulnerability for the years to come. If fiscal vulnerability needs to be measured within one budgetary year, V-L-D can be tailored for monthly or quarterly data. We can also measure fiscal vulnerability over a specific time range using past data or forecasted data. V-L-D is easy to be implemented in further research as it relies on data that is publicly available. It is also a very adjustable methodology for the reason that it can be customized for higher frequency data depending on the research purposes.
We employed our methodology for 28 European Union countries and found that since 2007, the Union had to tackle the largest magnitude of fiscal vulnerability, which almost doubled compared to the years before. We computed several indicators to measure fiscal vulnerability over a specific period: the total fiscal vulnerability score, the number of fiscal vulnerability episodes, and the weighted average fiscal vulnerability. We used the quartiles of each indicator to evaluate the most and the least vulnerable countries in the European Union. We found that the Czech Republic, Greece, France, Italy, Malta, Portugal, and the United Kingdom recorded the largest scores of total fiscal vulnerability over 1990 and 2013. The United Kingdom and Greece had the longest episodes of fiscal vulnerability, totaling 12 and, respectively, 11 consecutive years. Spain, Ireland, Cyprus, Romania, and Slovakia had the highest weighted average fiscal vulnerability.
In order to investigate, verify, and validate the quality of our methodology, we used the Excessive deficit Procedure to test against. We analyzed the data over 2002-2013 for 25 EU countries and found that the overall performance of V-L-D is good in the sense that our framework evaluated correctly fiscal vulnerability for countries under the procedure. When we examined the methodology's effectiveness for each category based on the 'noisiness' ratio, we observed that during EDP, V-L-D assessed well the moderate fiscal vulnerability; in the first year during which EDP was initiated, our framework measured well the strong fiscal vulnerability; one year before the EDP was introduced, the methodology evaluated well the extreme fiscal vulnerability. Based on these results, we can conclude that V-L-D represents a powerful tool to assess fiscal vulnerability in the European Union.
